Soil disturbance can have important impacts on soil quality and productivity which impact management decisions. However, the extent of potential damage to soil due to soil disturbance is not always obvious. Methods are needed to determine the level of soil disturbance from soil testing. A methodology for this problem could be found using a tool for computations of two soil disturbance indicators called "Disturbance Factor Simple (DFS)" and "Disturbance Factor Complex (DFC)". This study examined this tool for the examination of data collected from experiments on soil disturbance in two different climatic reagions: Fort Riley, KS, and Fort Benning, GA, USA. Results for Fort Riley indicate that the best indicator of disturbance was the DFS calculated for Ni, Ca, Mg, and C while DFS calculated for Cr, Pb, Ni, and Ca was best for Fort Benning. Results also indicate that the use of DFS calculated for Cu and Ni as affected by changes in soil depth may be useful for detecting archeological sites across soil types.
Introduction
Recently, there has been increasing interest in studying soil disturbance resulting in a lot of research publications related to this subject (Bartens et al., 2008; Gabriels et al., 1997; Gregory et al., 2006; Gebhart et al., 2012; Reeves, 2011 ; Soil quality criteria relative to disturbance and reclamation, 2004; Hazard assessment keys for evaluating site sensitivity to soil degrading processes guidebook, 1999; . Soil disturbance can result in changes in soil physical, chemical, and biological properties. Gebhart et al. (2012) suggested that concentrations of total chromium and extractable copper, lead, and nickel may be useful for documenting disturbance. Also, Gebhart et al. (2012) wrote that zinc could be used as a potential indicator of soil disturbance and that soil organic carbon is an excellent indicator of soil disturbance (Figure 1 ).
Fig. 1. Percent C concentrations with depth from disturbed (D) and undisturbed (U) archaeological
(A) and non-archaeological (N) treatment groups across all installations .
Due to the practical concerns regarding the land management, evaluation of soil disturbance can be important. Recent publications have suggested that there are two approaches for estimation of soil disturbance that can be useful for this evaluation. In the first, ratios of soil parameters are used as indicators of soil disturbance . In the second approach, the calculation of two indicators based on soil conditions has been suggested (Torbert et al., 2015) . In this case, these indicators are called Disturbance Factor Simple (DFS) and Disturbance Factor Complex (DFC) and a tool has been developed utilizing this methodology (Torbert et al., 2015) . The objective of this study was to use the developed tool to examine soil disturbance data collected from experiments on two areas with different climatic and soil conditions: Fort Benning, GA, and Fort Riley, KS, USA .
The soils sampled at the Ft. Benning location were Ultisols with course soil textures. For example, one of the soils sampled in the study which would be representative of the locations was a Troup loamy sand (Loamy, kaolinitic, thermic Grossarenic Kandiudults). The soils sampled at the Ft. Riley location were Mollisols with fine soil texture. An example of one of the soils sampled at this location which would be representative was a Wymore silty clay loam (Fine, smectitic, mesic Aquertic Argiudolls).
Material and Method

Experimental data
In this research, experimental data obtained by was used for the computer simulations. The soil samples collected for this experimental data were from geological locations with completely different climatic and soil conditions on US Military bases in Fort Benning, GA, and Fort Riley, KS, United States. At each of these experiment locations, four sites were selected to ensure a wide range of variability in topography, soil chemistry and texture, and plant community type that were typical for that geological region. Each site was then surveyed to provide a floristic species and foliar cover inventory and evaluated for obvious mechanized maneuver training disturbances (vehicle ruts and tracks, disturbed/flattened vegetation communities, compacted staging areas, etc.) and sub-divided based on level of training disturbance. This arrangement provided essentially four treatments per site: (1) archaeological site/no-training, (2) site/training, (3) non archaeological/no-training, and (4) archaeological/training. For each selected study site six soil core samples were collected for each treatment group to a minimum depth of 65 cm.
Data collection
Each soil core was collected using a butyrate probe liner and were sub-divided into 0-10, 10-20, 20-30, 30-50 cm increments for chemical analysis. Soil samples were dried at 55 o C and processed to pass through a 0.15-mm mesh screen. Total N and C concentrations were determined using a LECO Truspec (Swift, 1996) . Soil pH was measured with a Robotic pH meter (AS-3000 Dual pH Analyzer, LabFit, Burswood, Australia) using a 1:1 soil/solution ratio (0.01 M CaCl 2 ) (Kissel et al., 2009) . Soil samples were extracted using Mehlich extractants (Mehlich, 1984) and measured by an inductive coupled plasma spectrophotometer (Eviro I ICAP Spectrometer, Thermo Jarrell-Ash, Franklin, MA) for Ca, Cr, Cu, Mg, Mn, Ni, Pb, and Zn. Input data for computations from the Fort Riley location are shown in Tables 1 and 1a and data from Fort Benning location are shown in Tables 2 and 2a . The maximum and minimum values of soil parameters (P max and P min ) are given in Table 3 . 
Tool for estimation of soil disturbance
In this study, a methodology was used which utilizes the computations of two soil disturbance indicators called "Disturbance Factor Simple (DFS)" and "Disturbance Factor Complex (DFC)". This methodology is described by Torbert et al. (2015) . Briefly, the DFS is defined as a number in the range from 0 to 1, and is modeled by an appropriate membership function. The DFS values reflects measured soil parameters which are affected by soil disturbance. In this study, DFS was modeled by an increasing piecewise-linear membership function. The DFC is calculated by combining individual DFS components using fuzzy aggregation algorithms. Using DFC it is possible to assess the combined effect of several DFS.
Results of the computer simulation using this method for estimation of DFS provided a procedure to summarize the experimental data in a uniform manner, quantitatively (0 <DFS <1) and qualitative (using verbally scale). In particular, four categories of suitability of the DFS to predict disturbance were determined. These categories of suitability for prediction were assigned into terms of DFS as follow:
1. Poor Indicator ( In this study, a substantial level of disturbance was observed at all of the experimental sites. The calculated DFC and DFS for the various soil components were studied to determine which would have the best potential to detect this soil disturbance.
Results and Discussion
Examination of data collected from experiments on soil disturbance at Fort Riley, KS, United States
Results of the DFS estimations for the data collected from the soil disturbance experiment conducted at Fort Riley are given in Table 4 and Table 4a . Categorizations of disturbed soil areas using DFS at Fort Riley are given in Tables 5 and 5a .
It can be observed that for the A/D treatment, the DFS for Cu, Pb, Ni, Zn, and Ca have maximum values in the topsoil (0-10cm). The value of the DFS calculations decrease with depth for these soil constituents. Meanwhile, the DFS for Cr in the A/D treatment increased with depth. However, with the NA/D treatment the DFS for Cu, Pb, Ni, and Zn had a minimum value in the topsoil and increased with depth. Table 4a indicates that for the A/D treatment DFS on Mg, pH, N, and C had maximum values in the topsoil but decreased with depth. Likewise, Table 4a shows that for the NA/D treatment DFS for Mg, Mn, N, and C had their maximum value in the topsoil and decreased with depth. However, the DFS for pH for the NA/D increase with depth.
Since the nature of the soil disturbance observed in this study originated from the soil surface, it is reasonable to assume that the largest effects would be observed in the topsoil. With these heavy clay soils, a depth effect was observed for Cu, Pb, Ni, Zn, Ca, Mg, pH, N, and C. However, for most of these components the calculated DFS was small, indicating that they may not be sufficiently vigorous to be used as a method to detect soil disturbance (Tables 5 and 5a ). The best indicator of disturbance for this experimental locaton was the DFS calculated for Ni, Ca, Mg, and C. Interestingly, there were differences noted between the archeological sites and the nonarcheological sites with how the DFS changed with depth. Specifically, the DFS calculated for Cu, Pb, Ni, Zn, and pH acted quite differently with changes of soil depth between the two treatments. With the archeological treatment, it can be assumed that substantial soil disturbance would have occurred historically at the site in addition to the soil disturbance observed for the treatments. This would indicate that the calculated DFS as affected by changes in soil depth may be useful in the detection of archeological sites in these heavy clay soils. The combined effect of several DFS to estimation disturbance was calculated using Disturbance Factor complex (DFC) and are shown in Tables 4 and 4a . However, the combined DFS used in this study did not provide sufficient DFC calculations to suggest that they would be good candidates to predict soil disturbance in these heavy clay soils.
Examination of data collected from experiments on soil disturbance in soil area of Fort Benning, GA, United States
Results of the DFS estimations for the data collected from the soil disturbance experiment conducted at Fort Benning, GA using the tool for estimation of Disturbance Factor Simple (DFS) (Torbert et al., 2015) are given by Table 6 and Table 6a . Categorizations of disturbed soil areas using DFS for Fort Benning are given in Tables 7 and 7a . A/D 0-10 P P P F P F 10-20 P P P F P P 20-30 P P P P P P 30-50
D -disturbed, A -archaeological and NA is non-archaeological
In Table 6 , it can be observed that for the A/D treatment, the maximum values of DFS for Cr, Cu, Ni, Zn, and Ca are in the topsoil and decrease with increasing soil depth. Also, Table 6 demonstrates that for the NA/D treatment, the maximum value of DFS for Zn and Ca was also in the topsoil and decreased with increasing soil depth. However, the DFS for Cu and Ni was lowest in the topsoil and tended to increase with soil depth. Also Table 6 shows that the maximum value of DFS for Pb were in the 20-30 and 30-50 cm. Table 6a indicates that for the A/D treatment DFS for Mg and pH have maximum value in topsoil and decrease with increasing soil depth. Meanwhile, DFS for Mn did not change with depth. Also Table   6a shows that for the NA/D treatment DFS on Mn, Mg, pH, and C have maximum value in the topsoil which decreased with soil depth. 10-20 P F P P P 20-30 P P P P P 30-50 P P P P P NA/D 0-10 P P P F P 10-20 P P P P P 20-30 P P P P P 30-50 P P M P P D -disturbed, A -archaeological and NA is non-archaeological.
As discussed earlier, the nature of the soil disturbance observed in this study would have originated from the soil surface and it would be reasonable to assume that the largest effects would be observed in the topsoil. With these sandy soils, a depth effect was observed for Cr, Cu, Ni, Zn, Ca, Mg, N, C and soil pH. In the case of sandy soils at Fort Benning, the calculated DFS for these components was much greater compared to those observed at Fort Riley. This would indicate that the DFS calculated for these soil components may be sufficiently vigorous to be used as a method to detect soil disturbance (Tables 7 and 7a ). The best indicator of disturbance for this experimental location was the DFS calculated for Cr, Pb, Ni, and Ca.
As with the soils at Fort Riley, there were differences noted between the archeological sites and the non-archeological sites with how the DFS values changed with depth. In this case, the DFS calculated for Cu, and Ni acted differently with changes of soil depth between the two treatments. Since these two elements were also observed to have similar effects in the heavy clay soil, the use of DFS calculated for Cu and Ni as affected by changes in soil depth may be useful in the detection of archeological sites across soil types. The combined effect of several DFS to estimate disturbance was calculated using Disturbance Factor complex (DFC) and are shown in Tables 6 and 6a for Fort Benning. Unlike the calculated DFC for soil components in the Fort Riley location, the DFC calculations at Fort Benning were much greater, suggesting that they may be good candidates to predict soil disturbance in these sandy soils.
Conclusion
Soil disturbance can have important impacts on soil quality and productivity which impact management decision. However, the extent of potential damage to soil due to soil disturbance is not always obvious. Methods are needed to determine the level of soil disturbance from soil testing. A methodology for this problem could be found using a tool for computations of two soil disturbance indicators called "Disturbance Factor Simple (DFS)" and "Disturbance Factor Complex (DFC)" (Torbert et al., 2015) . This tool provided a procedure to summarize the experimental data in a uniform manner, quantitatively (0 <DFS <1, 0 <DFC <1) and qualitative (using verbally scale). In this article the tool was applied for examination of data collected from experiments on soil disturbance in two different climatic regions and with different soil types: Fort Riley, KS, and Fort Benning, GA, USA . Results of examination of data collected show that for the heavy clay soil of Fort Riley, the best indicator of disturbance was the DFS calculated for Ni, Ca, Mg, and C. The calculated DFC for these soils was not very promising as an indicator of soil disturbance. Results of the data collected for the sandy soils of Fort Benning indicated that the best indicator of disturbance was the DFS calculated for was Cr, Pb, Ni, and Ca. With these soils, the calculated DFC may be useful as an indicator of soil disturbance. Also examined in this study were the potential to utilize this methodology to detect archeological sites. Results indicate that the use of DFS calculated for Cu and Ni as affected by changes in soil depth may be useful for this purpose across soil types. A/D 0-10 P P M P P 10-20 P P P M P 20-30 P P F P P 30-50 P P F E P NA/D 0-10 E M F P F 10-20 P P F P P 20-30 P P M P P 30-50 P P F P P D -disturbed, A -archaeological and NA is non-archaeological.
